Osteotomy as a means of treating osteoarthritis of the hip-joint has been performed for almost forty years. Wardle (1955) described the reappearance of the joint space after osteotomy and suggested that some profound metabolic change followed the procedure. Nissen (1963) posed the question as to what was the essential stimulus which switched the cellular activity in osteoarthritis from disorder to order following osteotomy and discussed several mechanical explanations that had been postulated by various authors.
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These explanations, however, assume that bone cells respond directly to changed joint mechanics. It is accepted that mechanical factors are important in the causation of osteoarthritis and its relief by osteotomy. Nevertheless, it is probable that an altered chemical environment, due to changes in local blood supply, may directly affect the activity of bone cells and account for the excessive bone production seen in osteoarthritis. From this standpoint, the success of osteotomy would depend primarily on changing the blood supply of the joint and re-establishing chemical conditions favourable to normal bone metabolism.
The present investigations were undertaken to elucidate the changes in pH and Pco2 of bone blood following experimental osteotomy and to correlate them with changes in bone structure and vascularity.
Materials and Methods
Operative procedure: Forty successful upper humeral osteotomies in rabbits have been performed. The majority of the rabbits were skeletally mature and weighed 2-3 kg. General anesthesia was induced with intravenous pentobarbitone sodium (Nembutal) and was maintained with open ether. An osteotomy of one humerus was performed, just distal to the neck using a rotating saw. The distal fragment was shifted slightly medially. The fragments were fixed by a four-hole Vitallium metacarpal plate with fine 1P5 and 2-0 mm screws. Post-operatively the rabbits conveniently refrained from weight-bearing on the operated limb, so that stress at the osteotomy site was reduced to a minimum.
Morphologicalstudies: Rabbits were sacrificed 1, 2, 4, 8 and 12 weeks after osteotomy. In one group intra-aortic injection of 50 % Micropaque (barium sulphate) suspension in normal saline was carried out. The humeri of the operated and contralateral sides were then removed, fixed in formalin and decalcified in 5 % nitric acid. Sections were cut at 400,um and microradiographed on a Hilger and Watts microfocus unit.
In a second group the humerus on the operated side was removed, fixed in formalin and processed in paraffin. Sections were cut at 7 ,um and stained with hamatoxylin and eosin, van Gieson's stain, toluidine blue and Mallory's trichrome stain.
Physico-chemical studies: Rabbits were investigated in pairs at fortnightly intervals up to twelve weeks, and another pair at 24 weeks after unilateral upper humeral osteotomy. Samples of mixed medullary blood from the operated and control humeri were obtained using heparinized microhoematocrit tubes.
The blood specimens were introduced into a Radiometer (Copenhagen) blood gas analyser and pH meter, and the pH and Pco2 of the samples measured.
To provide a control experiment, in a small series of 3 rabbits, one upper humerus was exposed and, without performing an osteotomy, a metacarpal plate was screwed to it. At 2, 4 and 8 weeks after plating, the pH and Pco2 measurements were made on blood samples from these bones and the contralateral humeri.
Results
Histology: Microscopy of stained sections showed that abundant spongy bone formed following osteotomy and persisted for three months. Spongy bone was seen particularly in the neighbourhood of dead bone, cartilage in the fracture site and the screws used for fixation ( Fig 1) . Bone remodelling was still incomplete six months after the operation.
Microradiography: Perfusion studies demonstrated the enormous vascular dilatation that occurs in arterial channels in the course of bone healing (Figs 2 and 3) and also the attraction exercised on new blood vessels by avascular areas such as screws and cartilage.
Physico-chemical measurements: The mean values of pH and Pco2 in intramedullary blood samples taken from proximal to the site of osteotomy, and from a comparable part of the contralateral upper humerus, are shown in Fig 4. The graph indicates an increase in the pH of the blood on the operated side compared with the control. This persisted for about 10 weeks from the time of osteotomy. Only at 24 weeks did the operated side show an appreciably lower pH than the control. This was at a time when histology showed that compact bone formation was occurring and spongy bone had vanished. Each point on the graph is from only two rabbits; nevertheless, the pH was always more alkaline on the operated side than on the control throughout the first 12 weeks.
The Pco2 values, on the other hand, are difficult to interpret on the comparatively limited data The rise in pH, however, is not so great as in the upper humerus (Fig 4) . The mean data readings up to twelve weeks after osteotomy are shown in Table 1 . The higher pH of the blood samples on the operated side is clearly shown, especially proximal to the osteotomy.
The recordings from a control series of 3 rabbits where the upper humerus was plated without bone division are seen in Table 2 . There is no significant difference between the plated and non-plated sides. It is concluded that plating in itself does not produce the elevation of pH that was observed in the osteotomized bone.
Summary
The results of this investigation show that after osteotomy a sustained rise in the pH of the entire bone takes place. This persists, particularly in the operation area, for about three months. The Pco, possibly shows a slight rise in the healing bone, but our data are insufficient to lend certainty to this point.
A drift towards alkalinity went hand in hand with the presence of abundant spongy bone formation, intense vasodilatation and the development of profuse arterial channels. Where cortex was abnormally arterialized, there also osteoporosis was found. Where arteries were attracted, for reasons unknown, to cartilage in the fracture site, or to screws used for fixation, there also marked spongy bone formation occurred. It would appear inescapable therefore that spongy bone formation is promoted by an alkaline environment. On the other hand, bone of a compact variety tends to form in experimental venous engorgement, that is, in conditions suggestive of a drift towards acidity (Brookes 1966 , Brookes & Helal 1968 , Richards & Brookes 1968 ).
The evidence available in the late stages of fracture repair at 24 weeks in this investigation supports the view of compact bone forming in an acid environment.
The metabolism of healing bone is high. Protein synthesis and new bone formation require a rich source of energy. This presumably comes from an increased blood flow rate. That a rise in the blood flow rate occurs through the osteotomized area is shown by the microradiographic observations. The raised blood flow rate would account for the observed alkalinity. Regarding the special situation of upper femoral osteotomy in the treatment of the osteoarthritic hip, the results suggest that a profound alkalinity is set up in the diseased joint. This entrains an increased bone metabolism and spongy bone formation. The sclerotic character of the osteoarthritic bone is therefore changed to a lighter, more trabecular type.
The origin of pain in osteoarthritis is still conjectural. It is known that bone blood vessels are associated with pain nerve fibres (Bazett & McGlone 1928 , Seguira 1958 . It is possible that the abrupt alkalinity that was observed here following osteotomy may itself be the reason why the vascular nerves no longer register pain. This paper reviews the experience at the Massachusetts General Hospital in the use of mould arthroplasty for treatment of old or established septic arthritis of the hip. A detailed clinical follow up was made of 43 patients who had this operation performed on 56 hip-joints. The patients were divided into three distinct diagnostic groups for this study; 26 with old primary infective arthritis, 8 with sepsis following surgery on the hip-joint, and 9 with old osteomyelitis of the femoral head or acetabulum. In more than half the cases, the causative organism was unknown but Staphylococcus aureus was the cause in the majority of those identified.
Mould Arthroplasty in the
In a discussion of the operative technique, the importance of bringing the general health of the patient and the local condition of the tissues around the joint to an optimum prior to surgery was stressed. Antibiotics were used in nearly all cases, routinely to cover operation and continuing post-operatively for three to five weeks. The meticulous removal of all infected and dead tissue was stressed, together with the elimination of dead space by careful closure of muscles. Where excessive removal of bone and cartilage was required the stability of the joint was maintained by the routine application of a plaster hip spica for three to four weeks. In most cases an anterior Smith-Petersen approach to the hip was used, but in later cases the lateral approach was used with greater frequency and it was found that the distal transplantation of the abductor insertion increased the post-operative stability and mechanical efficiency. Scars and sinuses of previous infection were excised with care, the wounds irrigated with antibiotic solutions, and a suction drain used routinely prior to closure. Postoperatively, a constant watch was kept for wound sepsis which might only manifest itself by elevation of the sedimentation rate. Prior to mobilization, the stability of the cup was checked by X-ray and the shoe height adjusted to eliminate leg length discrepancies.
The results were reviewed using a new method of evaluation which is heavily rated for relief of pain and functional activities and givesa rating out of 100 points. The results showed an improvement over the pre-operative state in the majority of cases and only four patients were rated as worse off than before operation. To achieve these results, however, it was necessary to perform revisions on the arthroplasty in several cases where drainage from the hip or excessive pain occurred after the initial arthroplasty.
Mould arthroplasty carried out by a careful technique was advocated as a method of overcoming the disabilities resulting from chronic hip sepsis with relief from pain, partial or complete ankylosis and fixed deformity and instability.
[This work will be published more fully elsewhere.] (Meeting to be continued.)
